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Low Power, Low Noise 
Precision FET Op Amp 



AD795 



FEATURES 

Low Power Replacement for Burr-Brown 
OPA-111, OPA-121 Op Amps 
Low Noise 

2.5 |xV p-p max, 0.1 Hz to 10 Hz 

11 nV/VFjz max at 10 kHz 

0.6 fA/VHz at 1 kHz 
High DC Accuracy 

250 (xV max Offset Voltage 

3 n-V/T max Drift 

1 pA max Input Bias Current 

Low Power: 1.5 mA max Supply Current 
Available in Low Cost Plastic Mini-DIP and Surface 

Mount (SOIC) Packages 

APPLICATIONS 

Low Noise Photodiode Preamps 
CT Scanners 

Precision l-to-V Converters 



CONNECTION DIAGRAMS 
8-Pin Plastic Mini-DIP (N) Package 




8-Pin SOIC (R) Package 




= NO CONNECT 



PRODUCT DESCRIPTION 

The AD 795 is a low noise, precision, FET input operational 
amplifier. It offers both the low voltage noise and low offset drift 
of a bipolar input op amp and the very low bias current of a 
F ET -input device. T he 10 14 £2 common-mode impedance 
insures that input bias current is essentially independent of 
common-mode voltage and supply voltage variations. 

T he AD 795 has both excellent dc performance and a guaran- 
teed and tested maximum input voltage noise. It features 1 pA 
maximum input bias current and 250 u.V maximum offset volt- 
age, along with low supply current of 1.5 mA max. 
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Furthermore, the AD 795 features a guaranteed low input noise 
of 2.5 uV p-p (0.1 H z to 10 H z) and a 11 nV/VHz max noise 
level at 10 kH z. The AD 795 has a fully specified and tested 
input offset voltage drift of only 3 u.V/°C max. 

The AD 795 is useful for many high input impedance, low noise 
applications. T he AD 795J and AD 795K are rated over the 
commercial temperature range of 0°C to +70°C . 

TheAD795 is available in 8-pin plastic mini-DIP and 8-pin 
surface mount (SOIC) packages. 
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AD795- SPECIFICATIONS 



(@ +25°C and ±15 Vdc unless otherwise noted) 
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NOTES 

: l nput offset voltage specifications are guaranteed after 5 minutes of operation at T A = +25°C . 

2 Bias current specifications are guaranteed maximum at either input after 5 minutes of operation atT A = +25°C. For higher temperature, the current doubles every 10°C. 
3 Gain =-1, Rl = 10 k£l 

4 Defined as the time required for the amplifier's output to return to normal operation after removal of a 50% overload from the amplifier input. 
5 Defined as the maximum continuous voltage between the inputs such that neither input exceeds +10 V from ground. 
All min and max specifications are guaranteed. 
Specifications subject to change without notice. 



ABSOLUTE MAXIMUM RATINGS 1 

Supply Voltage ±18 V 

Internal Power Dissipation 2 (@ T A = +25°C) 

SOIC Package 500 mW 

8-Pin M ini-D IP Package 750 mW 

Input Voltage ±V S 

Output Short Circuit Duration Indefinite 

D ifferential I nput Voltage +V S and -V s 

Storage Temperature Range (N , R) -65°C to +125°C 

Operating Temperature Range 
AD795J/K 0°Cto+70°C 

NOTES 



Stresses above those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated in the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
2 8-Pin Plastic M ini-D IP Package: e Jfl = 100°C/Watt 
8-Pin Small Outline Package: e Jfl = 155°C/Watt 



ESD SUSCEPTIBILITY 

ESD (electrostatic discharge) sensitive device. Electrostatic 
charges as high as 4000 volts, which readily accumulate on the 
human body and on test equipment, can discharge without 
detection. Although the AD 795 features proprietary ESD pro- 
tection circuitry, permanent damage may still occur on these 
devices if they are subjected to high energy electrostatic dis- 
charges. Therefore, proper ESD precautions are recommended 
to avoid any performance degradation or loss of functionality. 

ORDERING GUIDE 



Model Temperature Range Package Option* 

AD795JN 0°Cto+70°C N-8 
AD795KN 0°C to +70°C N-8 
AD795JR | 0°Cto+70°C | R-8 

*N = Plastic mini-D IP; R = SOIC package. 
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Figure 5. Typical Distribution of Input Bias Current 
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Figure 6. Input Bias Current vs. Temperature 
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Figure 10. Input Voltage Noise vs. Source Resistance 
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Figure 11. Typical Distribution of Input Voltage Noise 
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Figure 12. Input Voltage Noise Spectral Density 
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AD795- Typical Characteristics 
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Figure 13. Short Circuit Current Limit vs. Temperature Figure 14. Output S wing and Error vs. Settling Time 
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Figure 19. Large Signal Frequency Response 



Figure 20. Closed-Loop Output Impedance vs. Frequency 
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Figure 23. Typical Distribution of Input Offset Voltage 
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Figure 24. Unity Gain Inverter Fjgure 25, unity Gain Inverter Figure 26. Unity Gain Inverter 

Large Signal Pulse Response Small Signal Pulse Response 




MINIMIZING INPUT CURRENT 

TheAD795 is guaranteed to 1 pA max input current with ±15 
volt supply voltage at room temperature. Careful attention to 
how the amplifier is used will maintain or possibly better this 
performance. 

T he amplifier's operating temperature should be kept as low as 
possible. Like other J FET input amplifier's, theAD795's input 



current will double for every 10°C rise in junction temperature 
(illustrated in F igure 6). On-chip power dissipation will raise the 
device operating temperature, causing an increase in input 
current. Reducing supply voltage to cut power dissipation will 
reduce the AD 795's input current (F igure 4). H eavy output 
loads can also increase chip temperature, maintaining a 
minimum load resistance of 10 to is recommended. 
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CIRCUIT BOARD NOTES 

The AD 795 is designed for throughhole mounting on PC 
boards, using either mini-DIP or surface mount (SOIC). 
M aintaining picoampere resolution in those environments 
requires a lot of care. Both the board and the amplifier's 
package have finite resistance. Voltage differences between the 
input pins and other pins as well as PC board metal traces will 
cause parasitic currents (Figure 30) larger than the AD795's 
input current unless special precautions are taken. T wo methods 
of minimizing parasitic leakages are guarding of the input lines 
and maintaining adequate insulation resistance. 

F igures 31 and 32 show the recommended guarding schemes for 
follower and inverted topologies. N ote that for the mini-D I P, 
the guard trace should be on both sides of the board. On the 
SOIC, Pin 1 isnot connected, and can be safely connected to 
the guard. T he high impedance input trace should be guarded 
on both edges for its entire length. 




, V S dCp dV s 

lp= R? + ir Vs+ ir Cp 



Figure 30. Sources of Parasitic Leakage Currents 
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Figure 31. Guarding Scheme-Inverter 




Figure 32. Guard Scheme-Follower 
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Leakage through the bulk of the circuit board will still occur 
with the guarding schemes shown in F igures 31 and 32. Stan- 
dard "G 10" type printed circuit board material may not have 
high enough volume resistivity to hold leakages at the sub- 
picoampere level particularly under high humidity conditions. 
One option that eliminates all effects of board resistance is 
shown in Figure 33. TheAD795's sensitive input pin (either 
Pin 2 when connected as an inverter, or Pin 3 when connected 
as a follower) is bent up and soldered directly to a T eflon* 
insulated standoff. Both the signal input and feedback compo- 
nent leads must also be insulated from the circuit board by 
Teflon standoffs or low-leakage shielded cable. 



INPUT PIN: 

PIN 2 FOR INVERTER 

OR PIN 3 FOR FOLLOWER 




TEFLON INSULATED STANDOFF 



Figure 33. Input Pin to Insulating Standoff 

Contaminants such as solder flux on the board's surface and on 
the amplifier's package can greatly reduce the insulation resis- 
tance between the input pin and those traces with supply or 
signal voltages. Both the package and the board must be kept 
clean and dry. An effective cleaning procedure is to first swab 
the surface with high grade isopropyl alcohol, then rinse it with 
deionized water and, finally, bake it at 100°C for 1 hour. Poly- 
propylene and polystyrene capacitors should not be subjected to 
the 100°C bake as they will be damaged at temperatures greater 
than 80°C . 

Other guidelines include making the circuit layout as compact 
as possible and reducing the length of input lines. Keeping 
circuit board components rigid and minimizing vibration will 
reduce triboelectric and piezoelectric effects. All precision high 
impedance circuitry requires shielding from electrical noise and 
interference. F or example, a ground plane should be used under 
all high value (i.e., greater than 1MQ) feedback resistors. I n 
some cases, a shield placed over the resistors, or even the entire 
amplifier, may be needed to minimize electrical interference 
originating from other circuits. Referring to the equation in 
F igure 30, this coupling can take place in either, or both, of two 
different forms— coupling via time varying fields: 

dV r 
dT Cp 

or by injection of parasitic currents by changes in capacitance 
due to mechanical vibration: 

dCp v 
dT 



Both proper shielding and rigid mechanical mounting of 
components help minimize error currents from both of these 
sources. 

OFFSET NULLING 

The AD795's input offset voltage can be nulled (mini-D IP 
package only) by using balance Pins 1 and 5, as shown in 
Figure 34. N ul ling the input offset voltage in this fashion will 
introduce an added input offset voltage drift component of 
2.4 liV/°C per millivolt of nulled offset. 



+v s 




Figure 34. Standard Offset Null Circuit 

The circuit in Figure 35 can be used when the amplifier is used 
as an inverter. T his method introduces a small voltage in series 
with the amplifier's positive input terminal. T he amplifier's 
input offset voltage drift with temperature is not affected. 
H owever, variation of the power supply voltages will cause 
offset shifts. 
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Figure 35. Alternate Offset Null Circuit for Inverter 



*T eflon is a registered trademark of E.I. du Pont Co. 
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AC RESPONSE WITH HIGH VALUE SOURCE AND 
FEEDBACK RESISTANCE 

Source and feedback resistances greater than 100 k£2 will 
magnify the effect of input capacitances (stray and inherent to 
the AD 795) on the ac behavior of the circuit. The effects of 
common-mode and differential input capacitances should be 
taken into account since the circuit's bandwidth and stability 
can be adversely affected. 

I n a follower, the source resistance, R s , and input common- 
mode capacitance, C s (including capacitance due to board and 
capacitance inherent to the AD 795), form a pole that limits 
circuit bandwidth to 1/2 jt R S C S . Figure 36 shows the follower 
pulse response from a 1 M £2 source resistance with the 
amplifier's input pin isolated from the board, only the effect of 
the AD 795's input common-mode capacitance is seen. 




Figure 36. Follower Pulse Response from 1 MQ. 
Source Resistance 

I n an inverting configuration, the differential input capacitance 
forms a pole in the circuit's loop transmission. T his can create 
peaking in the ac response and possible instability. A feedback 
capacitance can be used to stabilize the circuit. T he inverter 
pulse response with R F and R s equal to 1 M ft, and the input pin 
isolated from the board appears in F igure 37. F igure 38 shows 
the response of the same circuit with a 1 pF feedback 
capacitance. Typical differential input capacitance for the 
AD795 is 2 pF . 
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Figure 38. Inverter Pulse Response with 1 MQ. Source and 
Feedback Resistance, 1 pF Feedback Capacitance 

OVERLOAD ISSUES 

D riving the amplifier output beyond its linear region causes 
some sticking; recovery to normal operation is within 2 (is of the 
input voltage returning within the linear range. 

I f either input is driven below the negative supply, the amplifier's 
output will be driven high, causing a phenomenon called phase 
reversal. N ormal operation is resumed within 30 us of the input 
voltage returning within the linear range. 

F igure 39 shows the AD 795's input currents versus differential 
input voltage. Picoamp level input current is maintained for 
differential voltages up to several hundred millivolts. This 
behavior is only important if the AD 795 is in an open-loop 
application where substantial differential voltages are produced. 
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Figure 39. Input Bias Current vs. Differential Input Voltage 



Figure 37. Inverter Pulse Response with 1 M£l Source and 
Feedback Resistance 
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INPUT PROTECTION 

The AD 795 safely handles any input voltage within the supply 
voltage range. Some applications may subject the input 
terminals to voltages beyond the supply voltages— in these 
cases, the following guidelines should be used to maintain the 
AD 795's functionality and performance. 

If the inputs are driven more than a 0.5 V below the minus sup- 
ply, milliamp level currents can be produced through the input 
terminals. That current should be limited to 10 mA for "tran- 
sient" overloads (less than 1 second) and 1 mA for continuous 
overloads, this can be accomplished with a protection resistor in 
the input terminal (as shown in Figures 40 and 41). The pro- 
tection resistor's Johnson noise will add to the amplifier's input 
voltage noise and impact the frequency response. 

D riving the input terminals above the positive supply will cause 
the input current to increase and limit at 40 (jA. T his condition 
is maintained until 15 volts above the positive supply— any 
input voltage within this range does not harm the amplifier. 
I nput voltage above this range causes destructive breakdown 
and should be avoided. 




Figure 40. Inverter with Input Current Limit 




Figure 41. Follower with Input Current Limit 

Figure 42 is a schematic of the AD 795 as an inverter with an 
input voltage clamp. Bootstrapping the clamp diodes at the 
inverting input minimizes the voltage across the clamps and 
keeps the leakage due to the diodes low. Low leakage diodes 
(less than 1 pA), such as the FD 333s should be used, and 
should be shielded from light to keep photocurrents from being 
generated. Even with these precautions, the diodes will mea- 
surably increase the input current and capacitance. 

In order to achieve the low input bias currents of the AD 795, it 
is not possible to use the same on-chip protection as used in 
other Analog Devices op amps. This makes the AD 795 
sensitive to handling and precautions should be taken to 
minimize ESD exposure whenever possible. 



■WV 




Figure 42. Input Voltage Clamp with Diodes 
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Figure 43. TheAD795 Used as a Photodiode Preamplifier 
Preamplifier Applications 

The low input current and offset voltage levels of the AD 795 
together with its low voltage noise make this amplifier an 
excellent choice for preamplifiers used in sensitive photodiode 
applications. In atypical preamp circuit, shown in Figure 43, 
the output of the amplifier is equal to: 

Vqut = Id (Rf) = Rp(P) Rf 
where: 

l D = photodiode signal current (Amps) 

Rp = photodiode sensitivity (Amp/Watt) 

Rf = the value of the feedback resistor, in ohms. 

P = light power incident to photodiode surface, in watts. 

An equivalent model for a photodiode and its dc error sources is 
shown in F igure 44. T he amplifier's input current, I B , will 
contribute an output voltage error which will be proportional to 
the value of the feedback resistor. T he offset voltage error, V s, 
will cause a "dark" current error due to the photodiode's finite 
shunt resistance, Rd. T he resulting output voltage error, V E , is 
equal to: 

V E = (1 + Rf/Rd) Vos + Rf Id 

A shunt resistance on the order of 10 9 ohms is typical for a 
small photodiode. Resistance Rd is a junction resistance which 




OUTPUT 



Figure 44. A Photodiode Model Showing DC Error 
Sources 



will typically drop by a factor of two for every 10°C rise in 
temperature. In the AD 795, both the offset voltage and drift are 
low, this helps minimize these errors. 

M i ni mi zi ng Noi se C ontri buti ons 

T he noise level limits the resolution obtainable from any pre- 
amplifier. T he total output voltage noise divided by the 
feedback resistance of the op amp defines the minimum 
detectable signal current. T he minimum detectable current 
divided by the photodiode sensitivity is the minimum detectable 
light power. 

Sources of noise in a typical preamp are shown in F igure 45. 
The total noise contribution is defined as: 



VQUT = in 2 + if 2 + is 2 ) 



Rf 



l+s(Cf ) Rf 



H(en 2 ) 



1+- 



Rf 
Rd 



l+s(Cd) Rd 
l+s(Cf)Rf 




OUTPUT 



Figure 45. Noise Contributions of Various Sources 

F igure 46, a spectral density versus frequency plot of each 
source's noise contribution, shows that the bandwidth of the 
amplifier's input voltage noise contribution is much greater than 
its signal bandwidth. I n addition, capacitance at the summing 
junction results in a "peaking" of noise gain in this configura- 
tion. T his effect can be substantial when large photodiodes with 
large shunt capacitances are used. Capacitor Cf sets the signal 
bandwidth and also limits the peak in the noise gain. Each 
source's rms or root-sum-square contribution to noise is ob- 
tained by integrating the sum of the squares of all the noise 
sources and then by obtaining the square root of this sum. 
M inimizing the total area under these curves will optimize the 
preamplifier's overall noise performance. 

An output filter with a passband close to that of the signal can 
greatly improve the preamplifier's signal to noise ratio. T he 
photodiode preamplifier shown in Figure 45— without a 
bandpass filter— has a total output noise of 50 u.V rms. Using a 
26 H z single pole output filter, the total output noise drops to 
23 uA/ rms, a factor of 2 improvement with no loss in signal 
bandwidth. 
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Figure 46. Voltage Noise Spectral Density of the Circuit of 
Figure 45 With and Without an Output Filter 
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Figure 47. A Photodiode Preamp Employing a "T" 
Network for Added Gain 

Using a "T" Network 

A "T " network, shown in F igure 47, can be used to boost the 
effective transimpedance of an l-to-V converter, for a given 
feedback resistor value. H owever, amplifier noise and offset 



voltage contributions are also amplified by the "T " network 
gain. A low noise, low offset voltage amplifier, such as the 
AD 795, is needed for this type of application. 

A pH Probe Buffer Amplifier 

A typical pH probe requires a buffer amplifier to isolate its 10 6 
to 10 9 Q. source resistance from external circuitry. Just such an 
amplifier is shown in Figure 48. The low input current of the 
AD 795 allows the voltage error produced by the bias current 
and electrode resistance to be minimal. T he use of guarding, 
shielding, high insulation resistance standoffs, and other such 
standard methods used to minimize leakage are all needed to 
maintain the accuracy of this circuit. 

T he slope of the pH probe transfer function, 50 mV per pH 
unit at room temperature, has a +3300 ppm/°C temperature 
coefficient. T he buffer of F igure 48 provides an output voltage 
equal to 1 volt/pH unit. Temperature compensation is provided 
by resistor RT which is a special temperature compensation 
resistor, part number Q81, 1 k£2, 1%, +3500 ppm/°C, available 
from Tel Labs Inc. 
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Figure 48. A pH Probe Amplifier 
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Audio 
Amplifiers 

OP275 

SSM2015 

SSM2016 

SSM2017 

SSM2134 

SSM2139 



LOW NOISE 
OP AMPS 



Low V N 
(V N < 10 nV/VFte @ 1 kHz) 



Fast 
(SR > 45 V/us) 



Precision 



OP61 



Faster 
(SR > 230 V/us) 



AD5539 

AD829 

AD840 

AD844 

AD846 

AD848 

AD849 



AD OP27 
OP27 
AD OP37 
OP37 

OP227 (Dual) 
OP270 (Dual) 
OP271 (Dual) 
OP470 (Quad) 
OP471 (Quad) 



AD645 
AD743 
AD795 



I- Fast 



AD745 



High Output 
Current 



OP50 



Ultrafast 
(SR > 1000 V/us) 



AD811 

AD844 

AD9610 

AD9617 

AD9618 



Low I N 
(I N < 10 f A/VBz @ 1 kHz) 



FET Input Low Power 



Fast 



AD548 
AD648 
OP80 



Faster 
(SR > 8 V/us) 



Low V. 



AD711 

AD712 (Dual) 
OP249 (Dual) 
AD713 (Quad) 



AD645 
AD795 



Lower V. 



1 — Faster 



OP282 (Dual) 
OP482 (Quad) 



AD744 

OP42 

OP44 

AD746 (Dual) 



AD743 



— Faster 



AD745 



AD795 



Electrometer 



Low 
Power 



OP80 



General 
Purpose 



AD546 



Lowest Ig 
60 f A Max 



AD549 



Low Noise Op Amp Selection Tree 
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AD795 

OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



Plastic Mini-DIP (N) Package 




8-Pin SOIC (R) Package 



-»| 0.150 (3.81) [♦ 




0.020 (0.051) X 45° 
CHAMF 

0.190(4.82) 



02 (2.59) 



0.010 (0. 
0.004 (0.10) 

0.050 0.019 (0.48) 
(1-27) 0.014 (0.36) 
BSC 



094(2.39) l_j 



0.170(4.32) 



0.098 (0.2482) 
0.075(0.1905) 



.090 

.29) 



0.030 (0.76) 
0.018(0.46) 



All brand or product names mentioned are trademarks or registered trademarks of their respective holders. 
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